The genus Impatiens L. (Balsaminaceae) includes such popular cultivars as the garden balsam (I. balsamina L.) and the patience plant (I. walleriana Hook. f.). It is not widely known that the group is characterized by an extensive heteroploid series in which gametic chromosome numbers range from n=3 to n=33. This cytoevolu tion appears to still be a very active phenomenon judging by the proliferation of dysploid taxa in the genus; of the 122 species for which chromosome numbers are known, 46 (39%) are reported to have more than one cytotype (Zinov'eva-Stahevitch 1981) . Hybridization is quite prevalent in the genus. It was first observed by Gilg (1909) ; later reports include those of Ornduff (1967) , Bhaskar (1975) , and Grey -Wilson (1980a) . The last author suggested that reticulate evolution has been com mon in Impatiens, and that the difficulty of delimiting sections in the genus arises from the existence of intermediate taxa and groups of taxa. Experimental evidence for the plausibility of this hypothesis is found in the studies by Arisumi (1980a , b) who successfully crossed Impatiens species of very divergent genetic backgrounds and produced F, plants similar to a number of these problem taxa.
Little information is available on gametogenesis in Impatiens. Most studies have been carried out on cultivated varieties of I. balsamina and I. walleriana. In the former, unequal segregation was observed by Nakamura (1935 Nakamura ( , 1936 , Smith (1938) , Raghavan et al. (1939) , and Raghuvanshi and Joshi (1986) . Although most authors have reported that meiosis is normal, or nearly normal in I. walleriana, Tara and Namboodiri (1974, 1976 ) did observe a broad spectrum of meiotic abnormalities in three cultivated varieties of this species including precocious separation of the chromosomes, bridges, and irregular divisions of the pollen nucleus; not surprisingly the plants were sterile or semi-sterile. There are few observations on meiotic aber rations in wild populations. Raitt (1961) found multiple spindle formation in meg aspores of I. pallida Nutt.; Smith (1935) detected a similar phenomena in microspores of the same species. Khoshoo (1955 Khoshoo ( , 1957 examined aberrant microsporogenesis in I. edgeworthii Hook. f. Later (1965) he carried out a similar study on partially sterile plants of I. scabrida DC. and found that meiosis was characterized by the presence of univalents, acrosyndesis, bridge formation, and unequal segregation. Jones and Smith (1966) observed lagging chromosomes in the same species. Finally, Chatterjee and Sharma (1970) 
Materials and methods
Collecting locations and accession numbers for the material examined in this study are given in Zinov'eva-Stahevitch and Grant (1982 To determine pollen stainability, grains were stained in cotton blue-lactophenol following the procedure outlined in Radford et al. (1974) . Percent stainability was based on a sample of 100 pollen grains per species; dimensions and colpi number, on a sample of 10 or more grains per species.
Observations on aberrant microsporogenesis
Microsporogenesis was observed in 26 taxa of Impatiens . Not all stages of meiosis were encountered with equal frequency. Some stages of meiosis are very short, and therefore, are difficult to detect and study. In nine taxa (I. balsamina var . balsamina, var. cocinea Hook. f., and var. rosea Hook. f., IL cinnabarina Grey -Wilson, I. gordonii Horne ex Bak., I. parviflora DC., I. pseudoviola Gilg , I. scabrida and I. schlechteri Warb.) no meiotic aberrations were observed , but in the remaining 17 taxa a number of abnormalities were found. These are summarized in Chromosomal abnormalities in the first meiotic division These included precocious separation of bivalents (I. cuspidata W. et A., I. Laggards were osberved in telophase II in I. pulcherrima (Fig. 7) ; bridges were noted in Telophase II in I. platypetala Lindl. spp. platypetala and in I. pulcherrima (Fig. 8 ).
Post-meiotic aberrations.
In (quartet stage) were observed . In most of these multiple microspores, both macro-and micronuclei were evident (e. g. Fig. 11 ). In eight species (Table 1; , variation in pollen size was detected. Six of these taxa were examined in more detail for three palynological characters: pollen dimensions, colpi number, and stainability (Table 2) . Percent stainability varied as follows: I. hawkeri Bull (14% stained), I. coleotropis (29%), I. flaccida (30%), I. repens (58%), I. tangachee Beedd. (64%), and I. cuspidata (91%). There were striking differences in size of pollen grains from individual plants, the distri bution being continuous except I. flaccida (Fig. 22) . In all cases, micropollen grains did not stain with cotton blue-lactophenol indicating that these were sterile. Pollen grains in intermediate size ranges for individual species were both stained and unstained. In I. coelotropis even some of the largest pollen grains did not stain. Pollen apertures were less variable than pollen size, but some abnormalities in colpi number were noted (see Table 3 ).
Discussion

Microsporogenesis
was obseved in 26 taxa of Impatiens; in 23 of these, meiosis had not been previously examined.
Meiotic aberrations detected included pre cocious separation of bivalents, laggards and bridges in telophase I and II. Dia- Multiple microspores at the quartet stage were observed in eight taxa. These ranged from pentets to nine or more cells per quartet, and some contained cells with micronuclei which probably contain the chromatin of laggards and bridge frag ments. The only previous indication that this phenomenon occurs in Impatiens was the depiction of multiple nuclei in the quartet cells of the three sterile, or partially sterile, cultivars of I, walleriana studied in the study by Tara and Namboodiri (1974) . Multiple microspores are of sporadic occurrence throughout the Angiosperms having been reported in Fragaria L. (Ichijima 1926) , Prunus L. (Darlington 1928) , Glycine L. (Ahmad et al. 1979) , Triticeae Dumort. (Sadasivaiah and Weijer 1981) , and Trillium L. (Chinnappa 1982) . Inter or infrageneric hybridization was implicated in all five of these examples.
In the present study, pollen abnormalities were observed in several taxa. Per haps the most striking anomaly was the marked variation in the size of pollen grains even within a single anther. Micropollen grains were observed in seven taxa; these did not stain with cotton blue, indicating that they were sterile; intermediate-size pollen grains were both stained and unstained; in one species (I. coelotropis) even some of the largest grains did not stain. Since the present study is preliminary , the reasons for this pattern cannot be stated conclusively, but a composite picture of microsporogenesis in these partially sterile taxa strongly suggests that as a result of abnormal meiosis several types of microspores are produced. These include: micronucleate ones which incorporate chromatin from laggards and bridge fragments, normal ones containing a full chromatin complement, and various mono-, tri-, and possibly nulli and tetrasomic nuclei. Since there is an overlap between the di mensions of stained and unstained pollen grains, it appears that certain types of aneuploid changes can be tolerated, others cannot be.
With the exception of the study by Raitt (1916) , we are unaware of any ob servations of megasporogenesis in Impatiens. That author reported abnormal spindle formation in the egg mother cells of the eastern North American taxon, I. pallida, which resulted in aberrant segregation. A survey of female gametogenesis would bring to light patterns paralleling those which we have observed in male gamete formation.
With both males and females producing aneuploid gametes, some of which were fertile, there would be a wealth of opportunity for the production of zygotes with derived hypo and hyperploid chromosome numbers. The extensive dysploidy suggests that this is quite common in Impatiens: fully 46 of the 122 species for which chromosome number determinations have been carried out exhibit dys ploidy.
We suspect that a number of the taxa in which we observed abnormal micro sporogenesis and low pollen stainability are of hybrid origin (Table 3 ). In some cases, chromosome numbers support this conclusion. For example, the Papuasian I. hawkeri Bull is a hexaploid (2n=48) based on x=8. Its interploid genome ap parently contains four sets of chromosomes from the octoploid, I. mooreana Schlectr. (2n=64) and two sets from one of the New Guinea tetraploids, I. herzogii Schum, I. li nearifolia Warb. or I. schlechteri (2n=32; Jones and Smith 1966 , Arisumi 1973 , Zinov'eva-Stahevitch and Grant 1982 . If this is indeed the case, it is not surprising that the New Guinea Impatiens form an aggregate confusing to taxonomists (Grey -Wilson 1980b).
Chromosome numbers also indicate a hybrid origin for the South Indian I. coelotropis which we have shown to have a somatic chromosome number of 2n=34 (Zinov'eva-Stahevitch and Grant 1982) , suggesting that it is a dibasic polyploid. The low pollen stainability (29%) further supports this conclusion. This taxon was placed in the section Epiphyticae by Hooker (1874-75) and by Bhaskar (1975) , but it exhibits certain features which are not concordant with such a classification.
While the shape of the flower is indistinguishable from that found in the Epiphyticae, the markings of the labellum and the stem and leaf morphology are that of I. cam panulata and its allies. Chromosome numbers of the relevant taxa are consistent with such a hypothesis: the Epiphyticae, are n=7, 9, 10 (Bhaskar 1975, Zinov'eva Stahevitch and Grant 1982); and I. campanulata, n=9, 10 (Jones and Smith 1966 , Rao 1973 , Arisumi 1980a , b, Zinov'eva-Stahevitch and Grant 1982 . If true, this is an example of the type of hybridization described by Gilg (1909) and Grey-Wilson 1980a) , and experimentally demonstrated by Arisumi (1980a, b) . With respect to n=17 cytotypes in Impatiens, it is interesting that these have been reported from Southeast Asia. Jones and Smith (1966) found that the Malaysian I. mirabilis Hk. f. had a gametic chromosome number of n=17 and suggested that it was a dibasic allopolyploid.
Vegetatively, it is very much like a gigas form of certain Epiphyticae (e. g. I. parasitica), but its floral morphology deviates from that typically found in the group. Pollen abnormalities were also observed in I. niamniamensis Gilg. Chromo some numbers in this and related taxa form a polyploid series based on x=8: I. keilli Gilg, 2n=2x= 18 (Arisumi 1980a Both the chromosome number and pollen abnormalities in I. niamniamensis suggest that it may be an allopolyploid.
Its small erect sepals and flower color suggest that the diploid progenitor was I. keilli. The shape of the odd sepal and vegetative morphology indicate that the second parent was probably the hexaploid I. congolensis.
The South Indian species I. levingei Hook. f. ex Gamble presents a somewhat different problem from the preceding examples because it is a diploid (2n=16; Bhaskar 1975, Zinov'eva-Stahevitch and Grant 1982) . It is quite clear that the mem bers of Section Scapigerae, to which it belongs, have a basic chromosome number of x=8 which has remained relatively stable in the course of cytoevolution (Zinov'eva Stahevitch 1981) . On the other hand, we are of the opinion that morphologically I. levingei is intermediate between the two Subsections Scapimpatiens and Orchidimpa tiens (Warburg and Reiche 1895) , possessing the leaf characters of the former and the floral characters of the latter. Thus it too may represent a hybrid taxon which would explain its pollen abnormalities.
Morphological evidence suggests that hy bridization on the diploid level has occurred fairly frequently in the Scapigerae. For example, I. rivalis Wt. (=IL scapiflora Heyne var. pseudo-acaulis Bhaskar) is almost certainly a hybrid between I. scapiflora and I. acaulis Arn. Aneuploid and euploid gametes have been reported in this taxon (Bhaskar 1975) . Other examples could be cited. A detailed study of meiosis would be extremely useful in resolving taxonomic problems in this group.
We have little data concerning the genetic background of the remaining species which exhibited aberrant microsporogenesis.
The Ceylonese I. repens is morphologi cally one of the most distinct taxa in the genus, and so may have resulted from a wide cross. The South Indian I. tangachee is also diffcult to classify, and so possibly of hybrid origin. Grey-Wilson (1980a) concluded that morphometrics indicated that some African members of the Impatiens walleriana aggregate arose through hy-bridization.
We observed abnormal microsporogenesis in I. sodenii and I. wal leriana, but not in I. cinnabarina, which Grey-Wilson believed to be of hybrid origin. It may be that abnormalities are present in low frequencies and so difficult to de tect without a larger sample, since we did not observe meiotic irregularities in I. scabrida as reported by Jones and Smith (1966) . The Asian taxa related to the Impatiens walleriana group, e.g. I. flaccida, I. platypetela and I. pulcherrima show a similar pattern of morphological variation which makes the delineation of species within the group difficult, but which suggest that these too may have arisen through hybridization.
Our observations raise a number of questions. In several of the taxa we examin ed, there was considerable overlap in the dimensions of stained and unstained pollen grains. This suggests to us that certain types of aneuploid changes can be tolerated, others cannot be. Determination of the genomic constitution of viable and inviable pollen grains of comparable size would resolve this issue, and perhaps increase our understanding of cytoevolution in Impatiens. In a number of taxa, bridges (in dictive of paracentric inversions) and possibly multiple formation (indicating trans locations) suggest that we are dealing with structural heterozygotes. Detailed studies of pachytene and diakinesis are needed for confirmation.
Summary
The genus Impatiens L. has undergone an extensive cytoevolution, resulting in a series of chromosome numbers ranging from n=3 to n=33. Microsporogenesis was examined in 26 taxa; 17 exhibited abnormalities, which included precocious separation, lagging chromosomes, and bridges. Multiple microspores, containing 1-9 supernumerary cells, were common. In seven species, selected pollen characters were examined. Pollen stainability range was to vary from 14-91%. Micro and subnormal-sized pollen grains were common. Colpi number varied within species. The role of aberrant gametogenesis in generating new chromosome numbers in Impatiens is discussed; and evidence for the hybrid origin of some of the taxa presented.
